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PROBLEMS AND METHODS IN AGRICULTURAL 
RESEARCH’ 
By H. J. WHEELER 
Presumably the subject of agricultural chemistry appears 
wholly dull and uninviting to those engaged in other lines of 
inquiry; yet I recall that upon reading the life of Sir Humphry 
Davy I was led to abandon the study of law and substitute 
agricultural chemistry because of its great interest and because 
of what seemed to be the greater importance for useful service. 
In view of the recognized importance of agricultural chemistry 
in recent years it may be of interest to call attention to the con- 
ditions existing in this country from 1870 to 1885. The student 
who then wished to devote himself to the study of chemistry in 
its relation to agriculture would have found Atwater at Wesleyan 
University; Johnson a t  the Sheffield Scientific School, Yale 
University; Storer at the Bussey Institute, Harvard Univer- 
sity; Caldwell, who had studied under Goessmann in Germany, 
a t  Cornel1 University; Hilgard a t  the University of California; 
Kedzie a t  the Michigan Agricultural College; Goessmann a t  
the Massachusetts Agricultural College; and Schweitzer at the 
University of Missouri. All of these men performed magnificent 
service and all have passed to their reward in the Great Beyond. 
I trust none of that generation have been overlooked. 
Three of these men were Germans, educated in Germany, 
and the remaining four went to Germany, in their earlier years, 
in search of knowledge and inspiration. It was no wonder, 
therefore, that many of their students should have felt the same 
impelling forces drawing them to Germany for further study. 
Furthermore, a t  that time various difficulties were placed in 
the way of the American student who might have desired to 
study in France under Schloessing, Muntz, Girard, Grandeau, 
Deherain, and others. Neither had Great Britain any special 
facilities to offer to the student of agricultural chemistry, not- 
withstanding the world-wide recognition of the work of Lawes 
and Gilbert at Rothamsted and of Voelecker at Woburn. 
Prior to the passage by Congress of the Hatch Act of 1887, only 
a few agricultural experiment stations had been established in 
the United States, and the United States Department of Agri- 
culture had but just entered upon its early stage of expansion 
and development. 
With the passage of the Hatch Act and the establishment of 
an agricultural experiment station in each state in the Union, 
the demand for agricultural chemists became suddenly far 
greater than the supply, and in consequence many men were 
appointed as chemists who had no training in practical agri- 
culture and whose knowledge of general and agricultural chem- 
istry was inadequate. By way of illustration, a chief chemist 
who was supposed to investigate the carbohydrate contained in 
certain plants could read neither French nor German; he knew 
none of the methods of determining the different sugars and had 
never heard of Tollen’s “Handbuch der Kohlenhydrate.” This 
condition has now been largely overcome, but it illustrates 
the handicap which the work of agricultural chemical investiga- 
tion has had to face. 
The early chemical work of the experiment stations in animal 
nutrition embraced a study of the following problems: 
I-The substitution in feeding rations of one concentrated 
feedingstuff or of a given kind of roughage for another. 
a-The effect of different nutritive ratios upon the milk 
production or growth of different farm animals. 
3-The relative economy of different rations for feeding farm 
animals of different kinds under a variety of conditions. 
* Presented at the 58th Meeting of the American Chemical Society, 
Philadelphia, Pa., September 3, 1919. 
A foundation for the study of proteins had already been laid 
by the early work of Rithausen in Germany, and of Schulze 
in Switzerland. The subsequent long-continued and pains- 
taking investigation of proteins by Osborne a t  the Connecticut 
Agricultural Experiment Station, supplemented by the further 
nutritional studies made by Chittenden, Mendel, and Osborne 
at Yale University, and by the work on vitamines by IdcCullon 
and others, has now changed the whole trend of investigation 
in animal nutrition. This work has shown that the chemistry 
of human foods and feedingstuffs is not only concerned with 
problems of mere nutrition but also with malnutrition, or with 
scurvy, pellagra, and beri-beri, some of the worst, most obscure, 
and heretofore’ uncontrollable diseases with which we have 
had to deal. 
In  connection with the chemical study of plants the early 
work of the agricultural experiment stations and of the United 
States Department of Agriculture embraced chiefly the making 
of chemical analyses for the purpose of determining the amounts 
of different food and mineral ingredients which they contain 
on different soils and under varying conditions of manuring, 
fertilization, and rainfall. The scope of these and other chemical 
investigations has, however, been greatly broadened in the 
years which have elapsed. 
At present the United States Department of Agriculture, in 
addition to many other lines of work, is engaged in a study of 
plants and plant substances useful for medicinal, fiber, and other 
purposes. A typical illustration of the possibilities of plant in- 
vestigations has been the study of the giant kelps of the Pacific 
Coast in the search for potash, acetone, and other substances 
which were war-time essentials. These are merely a few of 
the thousands of possibilities. of plant studies of probable eco- 
nomic value. In  line with such work and with the production 
of paper from the waste of sugar cane, of ethyl alcohol from 
sawdust, and of innumerable other materials from waste plant 
products, and from plants heretofore unutilized, i t  would seem 
advisable for the Federal government to enlarge the work of 
its drug, forest, and fiber laboratories to include investigations 
of all kinds of plant wastes and of wild and cultivated plants, 
for the purpose of learning their possible economic value. 
Perhaps with the aid of modern methods and machinery we 
may find a means of utilizing milkweed economically as a source 
of oil, fiber, and rubber, just as the Germans during the war 
were able to utilize the nettle for the production of fiber. Who, 
knows, for example, but what the water hyacinth which is 
rapidly blocking many of the streams and waterways of the 
South may, like the giant kelps of the Pacific Coast, find some 
useful application and perhaps be turned into a source of great 
usefulness or profit. This is a broad field which will require 
and should attract the services of men having the best funda- 
mental training in general and agricultural chemistry, coupled 
with the best sort of technical experience. 
It had already been claimed by Ville in France in the begin- 
ning of the last half of the preceding century that certain of 
the legumes were able to assimilate atmospheric nitrogen. Sub- 
sequently, however, the investigations by Boussingault in< 
France and by Lawes and Gilbert in England, who worked with 
artificial or sterilized soil in which the Bacillus radicicola that 
fixes the nitrogen was either absent or had been destroyed, 
seemed to show that Ville was wrong, and practically the whole 
world was led for several years to believe that the large amount 
of nitrogen contained in legumes was gathered from depths of 
the subsoil to which the roots of other plants were unable to 
penetrate. 
In 1881 Atwater published in the Journal of t h  American. 
Chemical Society the results of experiments with peas which. 
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showed that they contained more nitrogen than was present a t  
the outset in the seed, water, and soil. At this time Hellriegel 
and Wilfarth were quietly pursuing their studies at Bemburg, 
Germany, by which it was shown that the assimilation of atmos- 
pheric nitrogen not only occurred in the case of legumes but 
that i t  was coincident with nodular growths on their roots. 
Furthermore, they found that by inoculation of the roots, 
legumes growing in sterilized soil could be made to develop 
nodules and assimilate atmospheric nitrogen. Their classic 
researches, covering several years, were published in I 889. 
Immediately a large number of other investigators began the 
study of associated problems, such as the making of artificial 
cultures For inoculation purposes, the practical inoculation of 
soils and seeds, the effect of inoculation upon the nitrogen 
content of legumes, and the possibility of other plants absorb- 
ing and utilizing some of the nitrogen fixed by the legumes 
while growing in association with them. 
Studies on the effect of different fertilizers and manures, 
and investigations on the effect of green manuring upon the 
growth of crops when grown in a definite order of rotation were 
also conducted by a considerable number of experiment sta- 
tions. 
Various experiments were made in the earlier years, particu- 
larly in England, which had shown that heavy applications 
of lime lessened the seriousness of attacks of the finger-and-toe 
(club-foot) disease of certain cruciferous plants, such as the 
cabbage, cauliflower, and turnip. 
For a long time it had been believed that different substances 
in the soil had a corroding or a directly injurious effect upon 
potato tubers, and the development of potato scab was attrib- 
uted to these substances. Subsequent investigations by 
Thaxter, however, showed that the disease was the direct result 
of the growth of parasitic plants of a low order upon the surface 
of the potato. It was then shown a t  the Rhode Island Experi- 
ment Station that if the tuber was surrounded by an alkaline 
medium, scab was generally increased, and if surrounded by a 
very acid medium the amount of scab was distinctly lessened. 
It has been found in Europe and in this country that oats 
grown 011 land that has been heavily limed are more subject 
in unfavorable seasons to certain diseases. Also in the tobacco 
growing regions of the United States it has been found that an 
alkaline reaction of the soil favors the development of tobacco 
root rot. Thus we have one disease of plants which is lessened 
by an alkaline treatment of the soil, whereas the destructive- 
ness of several others is increased. 
We know that the presence in the soil of large amounts of 
certain mineral substances, such as manganese and borax, may 
result in malnutrition or in positive toxic effects. The presence 
of such compounds may possibly lead to the development of 
diseases which would otherwise have been unable to secure a 
foothold in the plant. Here is an almost untouched field of in- 
vestigation open to the joint attack of the chemist, plant pathol- 
ogist, and plant physiologist. We should know the specific 
effects upon all kinds of plants, of deficiencies and excesses of 
all kinds of plant foods and even of the various occasional soil 
ingredients, under all sorts of soil and climatic conditions. 
Studies of this kind would probably disclose in many cases 
prompt means of recognizing soil deficiencies and excesses. 
This woiild place the agronomist and chemist in a position to 
prescribe immediately the most effective treatment. For ex- 
ample, it was learned more than twenty years ago a t  the Rhode 
Island Agricultural Experiment Station, and it was also shown 
in Germany, that the deficiencies in potash have a very striking 
and characteristic effect upon the foliage of the potato plant. 
In consequence of such observations it has been possible, during 
the war, to recognize by a mere inspection potato fields where 
potash was becoming seriously deficient and where an abundance 
was still present. The leaves of buckwheat also show most 
striking and. characteristic spotting effects, when certain plant 
food deficiencies exist. These are mere illustrations of the in- 
numerable possibilities coupled with researches of this charac- 
ter. 
It may be possible that certain diseases of plants can be 
combated successfully by introducing into the plant, by spraying 
the tops or through the medium of the roots, certain substances 
which are not found in the host plant normally and which even 
in small quantities may cause no injury to the plants and yet 
prove destructive to the parasitic organisms. 
As an illustration of the possibilities of soil studies in connec- 
tion with plant nutrition, mention should be made of the studies 
of Hawaiian soils upon which pineapples could not be grown suc- 
cessfully. When it was found that the difficulty was due to an 
excess of manganese and a deficiency of available iron, it was 
possible to reestablish the industry by spraying the plants with 
iron salts. Similarly Gile found it possible by the same treat- 
ment to correct conditions of malnutrition in the case of pine- 
apples which had been unable to assimilate sufficient iron on 
highly calcareous soils in Porto Rico. 
Except for some occasional or incidental reference in this 
country to injurious acidity in upland well-drained soils, the 
subject had never attracted public attention nor was it appar- 
ently taken seriously by any one until it was made a subject 
of special study a t  the Rhode Island Agricultural Station be- 
ginning with the year 1891-2. In fact, it  was not until several 
years later that the agricultural chemists and agronomists of 
the country began to recognize the subject as important, or 
would believe that it was a condition affecting plant production 
over vast areas of the United States. 
The bad effects of soil acidity were a t  first attributed directly 
to the acidity of the soils or to compounds which were likely 
to be formed, or which were toxic, only where such acidity ex- 
isted. In fact, Mulder, in Holland, in the early part of the pre- 
ceding century, and later Voelecker, in England, recognized 
ferrous sulfate as a toxic constituent of certain soils. These 
soils were probably either presumed or found to be acid, for 
lime was recommended as an antidote. 
Quite recently Conner and Abbot, at  the Indiana Agricul- 
tural Experiment Station, have shown that aluminum nitrate 
may accumulate to a toxic extent in certain acid soils, and the 
recent investigations by Ruprecht in Massachusetts and by 
Hartwell and Pember in Rhode Island, have shown that other 
salts of aluminum or of iron which are formed in acid soils 
may have similar effects. In  fact, Hartwell and Pember have 
shown that certain cereals fail to react toward increases in 
acidity created in solutions by artificial means, in the same way 
that they do toward the acid soils of the station farm. They 
found, also, that the same plants are affected to the same ex- 
tent by aluminum sulfate as by the soils. These facts, coupled 
with the recognition of aluminum sulfate in the acid soils at  
the station, make it appear desirable that a careful study should 
be made of acid soils of different types and under varying condi- 
tions, in order to determine whether toxic iron and aluminum 
compounds are present and whether other toxic organic and 
inorganic substances are found generally in soils of an acid 
character. It would be of great interest to learn how far 
each of these substances is directly harmful and whether each 
predisposes plants to disease. 
It is important to ascertain by what methods of culture, 
fertilization, and amendment, the toxic action of any or all of 
these compounds can be most quickly and effectively over- 
come. 
The range of the resistance of different kinds of plants should 
he determined in cases where the soils have become acid natur- 
ally, where acidity has been brought about by turning under 
green crops, or by applying to the soil ammonium sulfate, 
ammonium chloride, and other substances. This range of re- 
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sistance noted should be compared with the range under like 
conditions, when each of the various toxic organic and inorganic 
substances thus far recognized as soil constituents is added to 
the soils. 
It was found in Rhode Island that on a given acid soil one of 
.the flowering perennials (Silene orientalis) throve to perfection, 
or far better than when the soil was limed; whereas, on the other 
hand, beets, spinach, lettuce, upland cress, onions, asparagus, and 
other kinds of plants were generally unable to survive for more 
than a brief period unless lime was applied. Other plants 
were found to range between these extremes. If it should be 
found that Silene orientalis is highly resistant to soluble aluminum 
compounds and that the same compounds are utterly destruc- 
tive to the plants which €ail to thrive upon the acid soil until 
after it is limed, evidence would be afforded that a test of the 
soil for soluble aluminum compounds might afford a far better 
means of determining its lime requirement than a mere measure 
of its acidity. If it should be found that ferrous salts failed to 
affect the plants in the same way as aluminum salts, further 
$evidence would be afforded of the importance of aluminum 
determinations in soils. If, on the other hand, the ferrous 
salts act similarly, and to an essentially like degree, the sum of 
the ferrous and aluminum salts should be determined. It 
should be mentioned in this connection that certain soils in 
Minnesota react distinctly acid to blue litmus paper but fail 
to respond to liming even for alfalfa, which fails to thrive on most 
soils which are quite acid. Apparently somewhat similar 
soils exist in parts of Iowa and Missouri. 
Notwithstanding that hundreds of tests of plants have been 
made in Rhode Island on limed and unlimed soil there are still 
large numbers of agricultural plants, ornamental plants, shrubs, 
and trees for which the lime requirement on acid soils should be 
ascertained. 
Some plants, like the common sorrel, will grow fairly well 
a n  mortar, or in a strongly alkaline medium, and yet they thrive 
to perfection on soils which are so acid and so well supplied with 
soluble aluminum compounds that young beet plants die in a 
few days. Other plants which thrive under very acid condi- 
t i o n s  become seriously affected when any considerable degree 
*of alkalinity is created; and still other plants which can endure 
a high degree of alkalinity are unable to live even when the soil 
i s  only moderately acid. In view of these facts it is evident 
that a more complete study of these various relationships be- 
tween the  plant and the soil should be made. 
It is held that the chestnut thrives best on acid soils and that 
a t  least most of the pines are injured by liming, whereas the 
beech is supposed to thrive best on soils well provided with 
lime. In  view of the rapid deforestation of the country, it  is 
desirable that a comprehensive study should be made on differ- 
ent soil types in order to ascertain how seedling forest trees 
,of various kinds react towards pure lime, towards magnesian 
lime, and towards all sorts of artificial fertilizer materials, in 
order that nursery stock for planting our forests may be pro- 
duced under the most favorable conditions. In fact, the same 
is true as concerns the seed bed and nursery treatment even 
of our fruit trees. 
As yet we have only a hint as to whether those plants that en- 
dure high acidity and thrive despite the presence of assimilable 
iron and aluminum salts are merely resistant to these salts 
o r  are actually benefited by them. One may naturally wonder 
why common sorrel (Rumex  acetosella) grows most profusely 
where onions and beet plants cannot live for even a few days 
or weeks. Is it possible that those plants which thrive even 
on very alkaline soils and fail to thrive on acid soils are exceed- 
ingly sensitive to the presence of soluble aluminum and ferrous 
compounds? Are they able to develop chlorophyll with far 
smaller quantities of iron than are required for the successful 
growth of plants which are typical of acid soils? Why do 
pineapple plants remain in a chlorotic condition on highly 
calcareous soils until they are sprayed with iron salts, while 
other plants still thrive to perfection? Does the pineapple 
require more iron than certain other plants, is i t  less able to 
take up iron from the soil, or does i t  find in the soil too much 
assimilable manganese in proportion to the assimilable iron? 
These and innumerable other questions must be answered be- 
fore we shall approach a thorough understanding of the various 
plant and soil relationships. 
Common sorrel thrives to perfection on soils containing no 
carbonate of lime and in which there are apparently none but 
acid silicates. Yet sorrel takes up from the soil large amounts 
of lime and changes it into calcium oxalate. When these plants 
are introduced into the soil the calcium oxalate is changed very 
promptly, by bacterial action, into carbonate of lime. Is the 
condition of an acid soil gradually corrected by the growth of 
these and other plants which are typical of acid soils, and is 
this nature’s feeble way of refitting soils for plants which are 
more sensitive to the toxic compounds which are formed in 
acid soils? 
Why is it that on the Everglades of Florida certain plants 
will not thrive when the soils are first brought under cultiva- 
tion, or not until other kinds of plants have first been grown? 
Is it due to toxic substances in the soil which are oxidized in 
the meantime, or had the former native plants removed too 
completely some soil ingredient which is essential to the growth 
of the crops that fail, or do the immediately preceding crops 
absorb and remove certain toxic substances to such an extent 
that the growth of the crop which failed a t  the outset is no 
longer inhibited? Here are the most interesting and important 
proble.ms awaiting solution. 
We may still have much to learn in regard to the relationship 
of plants to silicon, manganese, aluminum, iron, or even fluorine 
when present in soils in assimilable form. The ash of certain 
grasses often contains 17 to 2 0  per cent or more of silica, and 
the ash of sugar cane and rice as much as 50 to 60 per cent. Is  
the presence of a large amount of assimilable silica in soils 
beneficial to some plants and injurious to others; and do some 
kinds of plants grow better following the growing of several 
crops of grass or sugar cane because of the organic matter added 
to the soil by the grass, roots, and stubble, or by the sugar- 
cane roots; or is it  because of the removal of large amounts of 
silica present in forms which interfered with the plants’ physio- 
logical functions? 
When attempts are made to grow plants in pure silica, with 
the aid of the usual nutrient solutions employed in water cnl- 
ture, they often apparently become so highly charged with silica 
that normal growth becomes impossible. 
The effect of crops upon those whichfollow is a subject of 
special importance. At the Rhode Island Agricultural Experi- 
ment Station a large number of experimental plots were first 
tested without fertilizer or manure and found to be uniform as 
concerned the production of onions, buckwheat, and the other 
crops involved. All of the plots were then fertilized alike. 
The first two years a given plot of land was devoted to the same 
crop throughout, whereas the third-year onions were sown on 
all of the plots. The yields of onions ranged from IZ bushels 
to 412 bushels to the acre, according to the crop which had 
preceded. The poorest crops followed buckwheat, mangels, 
Swedish turnips, and cabbage, and the best followed redtop. 
The results following other crops ranged between these extremes. 
At the time when this experiment was begun the soils were 
sampled, samples of the succeeding crops were preserved for 
analysis, pot experiments were begun, and plans were laid for 
careful chemical investigations, bacteriological studies, and ob- 
servations in other directions for the purpose of determining 
the reasons for these phenomenal results. This work is now 
being continued by Hartwell, Pember, and Damon in the hope 
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of solving some or all of these problems. In fact, the plans as 
outlined involved similar studies of the effect of the growth of 
all kinds of plants upon all of the others, just as it has 
been determined for onions. This involves observations cal- 
culated to extend over the next half century. The sixth year 
of the experiment buckwheat followed all of these various crops 
and it was found generally to thrive best following the crops 
which had affected onions the most seriously. 
Here are problems that should be studied on many different 
types of soil and under widely varying climatic conditions. 
Who is prepared to say that the differences mentioned are ex- 
plainable solely on account of the different amounts and pro- 
portions of plant foods removed from the soil by the different 
crops? Is it possible that any of these plants excrete substances 
or leave root or stubble residues toxic to other plants that fol- 
low? Do their roots and stubble liberate such widely varying 
amounts of plant food in the soil while they are undergoing 
decomposition and are the differences in growth due to the differ- 
ences in their fertilizing action? Have the differences in the 
chemical character OF the plant residues exerted a widely differ- 
ent effect upon direct nitrogen assimilation, upon ammonifica- 
tion, or upon other bacterial, fungous or protozoan activities 
of the soil? These, and many other problems arising from such 
initial field observations may well tax the skill of the chemist, 
bacteriologist, and plant physiologist for many years. When 
they are all answered we shall have what we now lack-a funda- 
mental basis for the arrangement of crops in rotation. In 
fact these questions can never be solved satisfactorily by merely 
testing convenient and arbitrary systems of crop rotation. 
We still have much to learn as to the relative merits of legumes 
and non-legumes as contributors to soil humus from the stand- 
point of the chemical, physical, and biological effects of their 
residues upon the soil. 
The iecent work by Russell and Hutchinson at  the Rotham- 
sted Experimental Station has shown that certain protozoa, 
including amoeba and ciliates, which are destroyed by steriliza- 
tion and by treatment with carbon disulfide, toluene, tri- 
cresol, and other substances, actually consume the bacteria 
which promote ammonification in soils. Thus, to bacteria, 
fungi, and earthworms, all of which are responsible for chem- 
ical and physical changes in soils, we must now add these low- 
est forms of animal life. 
The study of soils now offers an attractive field of effort even 
for the physical chemist, for colloidal substances apparently 
exert a powerful influence upon soils through the formation of 
hardpan, the fixation of plant food, and possibly also in several 
other important and as yet unsuspected ways. 
Are we to find the counterpart of vitamines in the as yet 
very hypothetical auximones, which shall perform wonders in 
plant nutrition, comparable with those performed by the vita- 
mines in human and animal nutrition? Already Bottomley, 
in England, makes such claims. These, however, will require 
much further substantiation before they should be given cre- 
dence. 
The effect of soaking seeds in various solutions before plant- 
ing should receive further study if, as recently asserted by 
a European investigator, the effect is equal to that produced 
by the application of large quantities of nitrogen in the soil, 
Sometimes investigations are as valuable by way of dispelling 
false notions or conclusions as they are for establishing facts 
in support of a promising theory. 
In connection with the work in agricultural chemistry in this 
country there is much to regret, much to praise, and there are 
some things to condemn. The chief cause for regret is the lack 
of practical agricultural experience and the state of unprepared- 
ness with which many chemists entered upon their work, espe- 
cially in the early nineties. There is much to praise in the splendid 
contributions which have been made in the field of both plant 
- 
and animal nutrition, and in the chemical studies of plant 
proteins, and of soils and their amendment. 
The drawing of unwarranted conclusions and the attempts 
to treat mere hypotheses as if they were already workable 
theories, even in the face of opposing facts, may lead to discussion 
and controversy and thus stimulate research, but the end, 
nevertheless, does not justify the means, any more than the 
misfortunes of war are justified by some scraps of good that 
may result from it. There is no safe and justifiable procedure 
for the scientist but to apply the most crucial test to all hypoth- 
eses and theories; and he who is not as ready to look for facts 
which are as likely to militate against as to support his hypoth- 
eses and theories is unfitted to direct research. 
There is one tendency connected with the nature of the insti- 
tutions engaged chiefly in agricultural research which cannot 
be too strongly condemned. I refer to attempts to exploit 
the results of scientific agricultural investigations by endeavor- 
ing to interpret them prematurely in terms of agricultural 
practice. This is sometimes referred to as ‘doing stunts” for 
the purpose of impressing Congress and the state legislatures 
as an aid in securing appropriations. This sort of work should 
have no place in any institution whether federal or state. Great 
detriment to the cause of agricultural investigation has resulted, 
and is always likely to  result, from the promulgation of mere 
hypotheses or theories as if they were already established facts. 
The farmer is by nature abundantly skeptical and slow to adopt 
desirable procedures, without foisting upon him undigested 
and premature ideas which are contrary to common observa- 
tion and well-established facts. 
The investigator who finds that plants can feed from very 
dilute solutions and that the minerals of the soil are continually 
passing into solution is not warranted in concluding that fer- 
tilizers and manures are no longer needed as plant foods. While 
both of the observations are correct, the “pinch of the shoe” 
comes in the fact that the relative proportions of soil and solu- 
tion in a test made in a Iaboratory beaker are utterly unlike 
those met with in the soil where the solvent action of the soil 
moisture, aided by the root action of the plants, often utterly 
fails to keep pace with the Iocalized demands of the plant root- 
lets for immediately available plant food. It is very much like 
the hoax of the “invisible man,” who starts out with a citation 
of the fact that there is no such thing as color, and that objects 
have the peculiar property of absorbing all of the colored rays 
but one, which, being reflected, gives to the object what we call 
color. Next follows the illustration of the separation of the 
sun’s rays into the various colors of the spectrum, and it is pointed 
out that there are other rays outside of the spectrum known as 
actinic rays which are colorless or invisible. It is now but a 
step to the assertion that a chemist has found a substance which 
absorbs all but these colorless or invisible rays and one has 
merely to coat himself over with this substance if he wishes to  
go about unseen. Both ideas are based upon two sound and 
convincing facts, but in the end they amount to the darky’s 
definition of an alibi, “It’s provin’ you’re where you ain’t,’’ 
I t  is of scientific interest to show that artificially prepared 
tricalcium phosphate is reacted upon practically in a quanti- 
tative way by the nitrous acid formed in the nitrification of 
ammonia by bacterial means. It is going too far, however, 
if one attempts to use such an observation for the purpose of 
making the farmer believe that the reaction with finely ground 
rock phosphate would follow the same course, and take place 
to the same extent, in the soil. I t  must be remembered that 
where the soil moisture is often greatly limited in amount, 
and where carbonates, or a t  least basic silicates, are present at 
every point to compete with the phosphate in seizing upon 
the acid, the action upon the phosphate cannot be comparable 
with that secured in the laboratory, where nothing but the 
phosphate is present for the acid to attack. 
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Satisfactory comparisons of the efficiencies of different phos- 
phates in the field cannot be made if there is only a slight de- 
ficiency of phosphoric acid, particularly if unusually large 
amounts of phosphates are applied. In  all such comparative 
work the supply of the most efficient phosphate should fall a 
little short of, or certainly not exceed, the actual requirements 
of the particular crop. 
In testing the efficiency of nitrogenous fertilizers the same 
principle holds true, and in both cases one should so plan the 
experiments that positive information is furnished as to the 
adequacy of the other plant foods employed, in order that it 
may be certain that the only “limiting element” is the one under 
consideration. 
In  testing the rate of nitrification of different ammoniates 
one must use only what would be coasidered rational propor- 
tions of soil and material and not several times the amount 
that would be used in agricultural practice, for if larger amounts 
are used in conjunction with an alkaline soil the better and more 
available the ammoniate, from an agricultural standpoint, the 
greater the amount of ammonia that would be formed from it 
in a given time. This ammonia added to the existing alkalinity 
is likely to give rise to a total degree of alkalinity which would 
seriously interfere with or inhibit nitrification, and thus ob- 
servations based upon the rate of nitrification might lead to 
conclusions as to relative availability which are diametrically 
opposed to the truth. 
In making studies of the chemical reactions of calcium car- 
bonate and of magnesium carboxate on soils it is important 
that the experiments be conducted with natural limestone and 
magnesian limestone because of the relatively high solubility 
in carbonated water of artificial magnesium carbonate and the 
low solubility of magnesium carbonate in magnesian or dolo- 
mitic limestone. 
These are merely illustrative of types of work from which 
false and misleading conclusions have been or may be drawn 
at any time if the essentials of a true experiment are not ob- 
served. 
At the present time the outlook for agricultural chemistry in 
the United States is not particularly encouraging, for the reason 
that we are placing great emphasis upon other lines of endeavor 
which are drawing some of the best and most promising young 
men away from postgraduate study. I refer to the passage 
of the Smith-Leaver Act and the large sums of money made 
available for employing county agricultural agents. Many 
of these men who have become county agents within two or 
three years after graduating fromcollege, and who may not have 
pursued any postgraduate studies, are often paid more a t  the 
outset than some of our agricultural chemists who have taken 
their doctor’s degree and who have already devoted many years 
to agricultural chemical research. In other words, instead of 
increasing progressively the salary of these research men com- 
mensurate with their experience and ability, and as an incentive 
to thorough preparation on the part of young men who are to 
follow them, they are unfortunately paid so povrly that the 
young men find no inducement to spend several more years at  
the university, especially in view of the present high cost of 
living. The situation is also aggravated by the fact that the 
purchasing power of the dollar has shrunk to such an extent 
that the Federal and State appropriations for the agricultural 
experiment stations have dwindled to such an extent that even 
the investigational work already in progress on the low salary 
basis is being seriously jeopardized, while many of the new prob- 
lems developing from the research in progress must remain 
untouched 
Too much emphasis cannot be placed upon the importance of 
thorough fundamental preparation on the part of those who 
intend to take up agricultural chemistry, for there is no safe 
short cut. Thorough general training in inorganic, organic, 
and physical chemistry is absolutely essential as a basis for the 
prosecution of the study of chemistry in its relation to agricul- 
ture. The agricultural chemist will also be brought in fre- 
quent contact with problems related to physics, biological chem- 
istry, physiological botany, bacteriology, and even protozoology. 
Furthermore, in order to be best equipped for his work he should 
have an actual knowledge of practical agricultural matters. 
He should also be familiar with the subjects embraced under 
agronomy and animal feeding and should be able to read at 
least French and German freely. I say this notwithstanding 
the present unfortunate hysteria concerning the teaching of 
German in American schools. 
There is now, and always will be, a demand for broadly 
trained agricultural chemists, with organizing capacity in the 
various industries, as well as in the agricultural experiment 
stations. 
In connection with the work of the agricultural experiment 
stations it is particularly important to have men in charge who 
are qualified to lead into proper channels the enthusiasm and 
energy of some of the young men who, if left to themselves, 
might startle the world with some imaginary discovery which, 
if real, would be calculated to revolutionize agriculture. Well 
trained men are and always will be needed in these stations to 
organize and concentrate research around given projects. They 
must see that the scientific work is interpreted wisely and that 
conclusions are not passed out to the farmer while everything 
is still in a hypothetical or theoretical stage. In a word, men 
are needed who, to borrow from President Wilson, have the 
patience and skill to first “make real the things that have been 
conjectured,” before they are passed along as a guide to the 
practical hard-working American farmer who has neither time 
nor money to waste in chasing visions. 
BOSTON, W A S S .  
CHEMICAL WARFARE1 
By MAJOR GENERAL WILLIAM L. SIBERT, CHEMICAL WARFARE SERVICE, 
U. S .  A. 
My mind within the last year has been drawn to the necessity 
of chemical development in every direction in this country. 
When one looks back he must appreciate the absolutely helpless 
condition the United States would have been in prior to 1917 
had it been called upon to prosecute a war with a great Kation, 
and had it been unable to control the seas. Its effort to resist 
a foe would have been on a par with that of China. It would 
not have had powder enough to last two weeks, and would. 
have had no nitrates out of which to make more. The absence 
of a dyestuff industry with its by-product coke ovens, would 
have limited the supply of raw materials for the manufacture 
of explosives and gases. Future wars will be more and more 
chemical wars, more and more scientific, and the nation that has 
developed its chemical possibilities will enjoy a great advan- 
tage. 
One of the big questions presented for solution to-day in this 
country is chemical preparedness for war, through the devel- 
opment of chemical industry that has peace application. 
There is nothing to indicate that Germany, prior to the war, 
had made any systematic arrangement to utilize her dye factories 
for war purposes, because many of her chemists were in the 
beginning called into the military service. This and many sub- 
sequent developments of chemical plants for war needs cause 
one to think that Germany confidently expected the war to 
end in a very few months, that she had sufficient materials in 
storage, and that her mind was not turned to the full utiliza- 
tion of the chemical resources of the nation for the support of 
the army until after the results a t  the Marne. 
There is one notable exception to this, and that is the de- 
velopment of the processes for the production of ammonia from 
1 Address delivered at the Annual Convention of the International 
Acetylene Association, New York, July 15, 16, and 17,  1919. 
